This work uses some simple Liouville type arguments to extend some recent work of Bundschuh and of Laohakosol and Ubolsri on algebraic independence. The results are stronger and are not restricted to just two numbers. We then use the results to give a new and simple proof of Bundschuh's result concerning the algebraic independence of certain numbers whose g-adic and continued fraction expansions are both known.
1. Introduction. In this paper we generalize and strengthen the results of Laohakosol and Ubolsri [11] . In that paper they prove by the method of [1, 9, 14 ] the algebraic independence of certain pairs of "Liouville" continued fractions. Here a similar result is given for any number of such numbers. Also, the hypothesis is weakened allowing a restriction in their application to be removed. The work here also generalizes some of the work of Bundschuh in [5] from two numbers to an arbitrary number of numbers. The application given in [11] was first proved by Bundschuh in [4] in more generality by a complicated method following Durand [8] . The full result can be proved here by the current simpler method.
We fix the following notation. Let a1,...,an be n real numbers with continued fraction expansions
(See [10] , for example, for facts concerning continued fractions.) Denote the convergents of etjby pNj/qNj(n = 0,1,2,...,1 <y' < n). As an application we prove a result which first appeared in [4] . 2. A general Liouville type algebraic independence criteria. In this section we axiomatize the proofs given in [9, 11, 14] . Proof. We show by induction on y = 1,2,...,« that ax,...,a¡ are algebraically independent. For y = 1 we note that (7) implies that a, is a Liouville number (see [12] ) and thus is transcendental. So we assume y > 1. If the result were false, then there would be a nonzero polynomial f(xx,.. .,*,) with integer coefficients of minimal total degree such that /(a,,... (3), (4) and (5) implies (1) and (2) . From Lemma 3 of [5] we have from (4) that £#,/__ > rN/1(¡Nj f°r all TV = 1,2,... and y = 2,...,n. Thus (2) is valid for any /(/') < N¡/2. To verify (1) we will show that (3) implies there is a constant C > 0 such that, for all N = 1,2,..., (9) qm < Ca%?-X\ Assuming this and using (5) we see which implies (1) for, say,/(z) < \((r -l)/r)g(i), and i large. We may take a new sequence by starting with i large and/(z) < N¡/2, j((t -\)/t)g(i).
It remains to prove (9) . We have from (3) that, for v = 0,1,2,... ,N -1, aNi > ajv_",i> and thus It easily follows from (10) that aN+lJ > gj*»+i_1>ßzv and from (11) that qm < gf", and thus (1) follows since ß has unbounded partial quotients. To prove (2) we simply note that (11) implies, for eachy, gfN_1 < qNj < gfN and thus, for any N,
Thus (2) is valid since gj < g¡_1 by assumption (the subsequence is unnecessary). D
